Uptake of the monosaccharides D-glucose and D-mannose by Nocardia asteroides and N. brasiliensis is dependent on the presence of an adequate phosphate concentration in the environment. When phosphate is replaced by solutions of sodium chloride or potassium chloride of identical ionic strength, there is no sugar uptake. In the presence of iso-osmolar concentrations of sodium arsenate, there is, however, sugar uptake activation. When nonmetabolizable 3-0-methyl D-glucose is used, most of the sugar taken up can be shown to be in the cell at a concentration never exceeding that of the external medium. Phosphate, or arsenate, seems to be essential for the actual migration of the sugar through the cell envelope. The transport of the nonmetabolizable 3-0-methyl glucose also requires phosphate, and the transport seems to be of a type that does not require energy.
Actinomycetes, particularly those of the genus Nocardia, show a wide range of sugar utilization, as demonstrated in previous studies (1, 12) . The two main species, N. asteroides and N. brasiliensis, manifest a distinctive pattern of monosaccharide uptake. N. brasiliensis indiscriminately utilizes glucose, fructose, mannose, galactose, and other sugars. However, some N. asteroides strains are incapable of utilizing fructose, mannose, and galactose, even after a long exposure time (7 days), which rules out the possibility of induction for the transport system. The three sugars, glucose, fructose, and mannose, are reported to have a common mechanism of utilization as well as of transport in actinomycetes (10) ; however, this seems not to be the case in N. asteroides. The present study, which was undertaken to obtain information on the mechanism of transport of carbohydrates in Nocardia, revealed the phosphate dependence of the process.
MATERIALS AND METHODS
N. asteroides N-51 and N. brasiliensis N-29 from the collection of the Unidad de Patologia, Escuela de Medicina, University of Mexico, were used. Cells were grown on nutrient broth containing yeast extract (1%) plus maltose (1%) for 7 to 14 days at 28 C.
Cells were harvested by filtration and washed with sterile distilled water, until the filtrate was clear and colorless. The washed cells were resuspended in 40-ml portions of each of the aqueous sugar solutions, with a proportion of cells to total volume of 5% (v/v). The suspensions were incubated at 4 and 23 C under stationary conditions; samples were taken at intervals (15, 30, 60, and 120 min) and centrifuged at 1,200 X g. Determination of the substrate uptake was verified both in the supernatant fluid and in the cell water extract, by measurement of the reducing sugar present by the method of Somogy as modified by Nelson (13) . After vigorous washing, the cell pellets were extracted with 5.0 ml of water in a boiling-water bath for 30 to 60 min. These procedures correspond to those described by Burger, Hejmova, and Kleinzeller (4) and Cirillo (8) .
The sugar phosphate esters were hydrolyzed at 100 C with 1 N HCI for 7 min, and the total reducing sugar was determined.
The purity of the sugars used, as well as the nature of the reducing materials of both the supernatant fluid and the cell water extract, was checked by quantitative paper chromatography. Ederol 208 filter paper was used with butanol-acetic acid-ethyl acetatewater (30:6:30:10, v/v) as solvent (14) . The chromatograms were developed with diphenylamineanilene (3).
When 14C-labeled compounds were utilized as substrates, the radioactivity was assayed by use of a Packard Tri-Carb liquid scintillation counter and the Bray's solutions (2) . The cells were washed with 10-3 M uranyl nitrate at room temperature, as described by Cirillo (9) . The efficiency of uranyl nitrate washings in eliminating substrate trapped in the extracellular space was ascertained by occasionally running controls in which washings with ice-cold water were also done. Results obtained with both treatments were almost identical. Furthermore, the radioactivity added to the cell extracts by washing the cells with 10-3 M uranyl nitrate was negligible. An increment of around 10 counts per min per ml of hot-water extract was obtained from pellets containing 10 mg (dry weight) of cells.
Sugar phosphorylation was followed in some instances by measuring intracellular labile phosphate disappearance, extracting the cells with 5% trichloroacetic acid for 1 hr, and determining the phosphate extracted by the Fiske-SubbaRow method (11) . The value obtained was compared with that from resting cells which were maintained at 4 C. The "C-glucose (3 jAc/pmole) and the "C-3-O-methyl glucose (7 juc/ ,Mmole) were purchased from Atomic Accessories
Inc. The monosaccharides D-glucose, D-mannose, and 3-0-methyl D-glucose were purchased from Calbiochem, Los Angeles, Calif. RESULTS Acquired crypticity after water washing. Waterwashed cells of Nocardia did not utilize any sugar from the aqueous sugar solutions even after 120 min of exposure; their labile phosphate level did not decrease either, which indicates that, under these conditions, Nocardia behaves cryptically to all the substrates, including glucose.
Considering that these microorganisms are slow growers as compared with yeast and that they possess a waxy cell surface which could confer on them hydrophobic characteristics, the exposure time was prolonged to allow ample time for sugar uptake. Experiments in which the exposure time was 5 hr did not reveal any appreciable uptake of sugar; there was, however, an increase in reducing sugar substances in the supernatant fluid owing to the outflow of cellular reducing material. Quantitative chromatography did not show any appreciable increase of substrates within the cells, but showed other reducing spots in the supernatant fluid.
Cell viability after treatment. To test cell viability, the above-mentioned cell suspensions were subcultured on synthetic medium [(NH4)2 HPO4, 1.0 g; MgSO4, 0.2 g; KCI, 0.2 g; pH 7 .0] plus 1% glucose. These cells utilized the same sugar to which they were previously cryptic. This paradoxical behavior led us to test sugar uptake in unwashed cells, and the influence of the inorganic medium constituents thereon. We desired to determine (i) which factors were responsible for relieving the cell crypticity and (ii) whether there was a direct relation between the crypticity-relieving factor(s) and sugar transport.
Effect Table 1 that the maximum uptake after 3 hr of incubation at 23 C occurred at the same phosphate level, namely, 0.10 M, in both groups; higher concentrations of phosphate were inhibitory.
Effect of arsenate on the glucose transport in Nocardia. The phosphate effect observed suggested a specific anionic effect with activation of the sugar uptake at the level of the cell surface. If that were the case, arsenate, which has a close structural similarity to phosphate, would replace phosphate in relieving crypticity. On the basis of the results obtained with arsenate (Fig. 2) , the above-mentioned assumption seems to be correct. Arsenate brought about an adequate sugar uptake in Nocardia, and the glucose uptake increased when the concentration of arsenate was increased from 0.005 to 0.10 M.
Effect of the concentration gradient of sugar on its intracellular concentration. The effect of the external concentration of '4C-3-O-methyl glucose on its intracellular level in Nocardia, after incubation for 40 min in 0.10 M phosphate buffer, pH 7.0, is shown in Fig. 3 . It can be seen that the intracellular level of sugar increased with increasing concentration of sugar in the medium. It should be mentioned that, in all the experiments the apparent intracellular concentration of 3-0-methyl-glucose was never higher than that of the medium. Under the experimental conditions used, there was no transport against a gradient concentration. A concentration of 90 ,g of sugar per ml of extracellular water gave a concentration of 60 ,ug of sugar per ml of intracellular water; with 9 mg of sugar per ml of extracellular water, the concentration was 3 mg of sugar per ml of intracellular water.
The inflow of 3-0-methyl glucose also required the presence of external phosphate. When Some further experiments were conducted with "4C-glucose to check the above results and to see whether there was phosphate-arsenate competition in the transfer of glucose through the cell membrane. In Table 2 it can be seen that the uptake of glucose (50 ,ug/ml), in the presence of The phosphate requirement for 3-0-methyl glucose uptake suggests that phosphate is essential for the actual penetration of monosaccharides through the cell surface. The penetration is a "facilitated-diffusion" transport in the sense that the 3-0-methyl glucose taken up by the cells never exceeds its external concentration. The fact that arsenate is able to replace phosphate in the sugaruptake process supports the idea that the anion is required for the function rather than for the synthesis of the transport mechanism. It has been observed, however, that during the glucose uptake in Nocardia arsenic-lipid complexes of the phosphoinositide type are formed, and these could be related to the transport system (7) .
The possible role of these anions could be that of facilitating the sugar-transporter interaction at the highly hydrophobic cell surface of Nocardia. It has been found: that phosphate increases the permeability (leakage) of Nocardia (5); that phosphate maintains or even increases the water content (hydration) of the Nocardia cell surface (6) ; and that there is no phosphate-arsenate competition (on the phosphate-dependent sugar transport) which would be expected with an arsenolysis reaction if the phosphate effect were channeled through the cell metabolism.
The fact that there is no uptake of mannose in N. asteroides N-51 and that the mannose transport in N. brasiliensis N-29 requires a higher external phosphate level than does glucose transport suggests the existence of specific transport systems for each of these sugars in these microorganisms.
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